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IBTRODUCTION 
Reading is an integral part of a child's educational 
process. 
reading, 
child's 
1 
Because all aspects of vision are involved with 
inefficiencies within the system may profoundly reduce a 
potential academic achievement. Research done by 
Coleman showed a high correlation between visual perception and 
reading accuracy. This strongly supports the view that vision as 
a total process is involved in reading. Early detection of these 
deficiencies may enable concerned individuals to correct them 
before they can lead to more serious consequences affecting the 
child's reading level. 
7 
Shorr and Svagr's research concluded that although an 
individual might be deficient in certain perceptual skill areas 
he will often still be able to compensate for them using other 
skills. The area involving binocular coordination and efficiency 
however was the one perceptual motor skill group that could not 
be compensated. Shorr and Svagr also emphasized that 
relationships between reading and embedded ocular defects <i.e. 
astigmatism, myopia and strabismus) tend to be minimal. However, 
they found that these defects may inhibit learning if compounded 
with other visual problems such as convergence <centering> and 
accommodation (focusing>. Accommodation and convergence 
imbalances cause a dilemma for the child as be is forced to 
choose between seeing single and seeing clearly. This problem is 
further aggravated by the fact that the child must utilize his 
1 
accommodative-convergence system while looking between his desk 
and the chalkboard. 
Reading for long periods of time requires sustained 
accommodation and a series of word-to-word fixations. Fixations 
are the heart of the visual reading act. They occupy fully 90~ of 
the time spent in reading, while interfixations and return sweeps 
8 
(saccadic movements) account for the remaining 10~. Spache 
states that the majority of all reading comprehension occurs 
during the fraction of a second (about one-third for a young 
child and one-fourth for a college student> that each fixation 
occupies. He reports that as reading material becomes more 
difficult the duration of each fixation increases. 
A young elementary school-aged child will fixate 
approximately 200 times while reading 100 words, which means that 
he must point and focus his eyes accurately 200 times. Because 
of this, it is important that a child's fixations be accurate and 
accommodative-convergence system efficient. Without this 
efficiency, word recognition is reduced and comprehension is 
6 
decreased. Gilbert has found that even when it may appear that 
a person is functioning normally on ordinary measures of 
comprehension and rate, he will in actuality be employing 
inefficient and harmful visual patterns. 
9 
Starnes has found that a child's visual ability affects how 
well he will do on a reading achievement test. He found that the 
children who were good readers had a tendency to perform well on 
pursuit movement tasks. Conversely, the children who were poor 
readers had a tendency towards inaccurate and jerky pursuit 
<tracking> movements. 
2 
Refractive error appears to have little statistical 
significance when it comes to reading achievement in children who 
3 
receive passing grades in reading. However, according to Eames , 
it does become significant when children who are failing in 
reading are taken into consideration. In his study, he found 
almost twice as many hyperopes in the group with lowered reading 
9 
achievement than in the passing group. Starnes found no real 
interaction at all between visual acuity and reading ability in 
children, although he did note a higher incidence of myopia in 
good readers and hyperopia in poor readers. 
The purpose of our study was to research the relationship 
between visual efficiency and reading achievement. Visual 
efficiency was determined by evaluating several visual 
parameters: visual acuities, accommodative facility, fusional 
ability and ocular motilities. Reading achievement was 
determined by looking at each child's Stanford Achievement Test 
reading scores. 
Visual demands differ with different stages of reading. In 
the early stages visual perception, visual memory, laterality, 
visual memory control and eye-hand coordination play an important 
role. These baseline levels of proficiency necessary to begin 
reading are those of an average six year old. In later stages 
they play a decreasing role in visual efficiency once basic word 
recognition skills are mastered. 
Fourth graders were selected for our study because research 
indicates that the reading task becomes more difficult for this 
2 
age group. Cutts reported that in the third or fourth grade 
sentences, paragraphs and content become more complex. In other 
3 
words, the emphasis shifts :from .. learning to read" to 11 reading to 
learn". The child no longer is being taught the mechanics o:f 
reading but is now required to garner information :from what he is 
reading. 
4 
Flax maintains that a reasonable degree o:f competence in 
reading must be achieved before a child can move :from primarily 
word recognition to using reading skill to acquire information. 
5 
According to Flax , when a higher level of efficiency in reading 
is required, borderline amounts o:f fusional and/or accommodative-
convergence instability will begin to interfere with reading 
success. Therefore, a child entering school with a binocular 
vision problem may not be handicapped by it to a significant 
degree until the third grade or later. 
4 
PROCEDURE 
Subjects consisted of 113 fourth grade students from the 
Windward Oahu school district, Hawaii. Of these, 17 could not be 
included in our results due to uncorrected refractive error 
and/or unavailability of Stanford Achievement Test _reading 
scores. 
Seven stations were set up for each screening and manned by 
Pacific University Optometry students. Each station was designed 
to evaluate a different parameter of visual efficiency. The 
stations were as follows: 
Station #1 Distance Snellen visual acuity 
Station #2 Near Snellen visual acuity 
Station #3 Accommodative Rock 
Station #4 Prism Rock 
Station #5 Stern Saccadic Fixation Test 
Station #6 Pierce Saccade Test 
Station #7 Groffman Visual Tracing Test 
With the exception of the distance and near acuity stations, 
students were moved through the stations randomly. 
Snellen visual acuities were used to measure the ability of 
each child to see an object clearly both at distance and at near 
and were taken to rule out students with less than 20/30 acuity. 
The Accommodative Rock was done to assess the focusing 
flexibility of the eyes by using +2.00 D/-2.00 D lenses flipped 
alternately. The children were asked to flip the lenses and call 
5 
aloud individual letters from a printed page <letter chart> as 
soon as they could see the letters clearly. <Appendix 1> 
The Prism Rock was done to evaluate the pointing mechanism 
of the eyes by employing a• Base In/8• Base Out lenses flipped 
alternately. The children were asked to flip the lenses and call 
aloud individual letters from a printed page <Appendix 1) as soon 
as they could see only one clear image of each letter. 
The Accommodative Rock and Prism Rock scores were determined 
by timing each child for 60 seconds and noting the number of 
flips made at 30-second intervals. 
The Stern Saccadic Fixation Test was administered to assess 
those eye movements that are most like those used in reading. It 
requires a timed reading of letters off a printed page at a 
normal reading distance. <Appendix 2) Each child was told to 
call the letters aloud as quickly and as accurately as he/she 
could. 
The Pierce Saccade Test assesses saccadic eye movements as 
well as pursuit-type eye movements. Numbers are called out 
alternately from two vertical columns on either side of the page 
in each of three subtests. Test I included horizontal lines 
indicating where the eyes were to move <Appendix 3>. test II 
eliminated those lines <Appendix 4) and test III had smaller 
vertical spaces between the numbers <Appendix 5). The children 
were asked to call out the numbers as quickly and as accurately 
as they could. 
The Stern Saccadic Fixation and Pierce Saccade test scores 
incorporated the total time needed to complete the task<s> with a 
two-second penalty for every error made. 
6 
The Groffman Visual Tracing Test was used to evaluate the 
pursuit-type eye movements. Evenly spaced letters are located at 
the top of the page with corresponding numbers on the bottom of 
the page. Each letter is connected to a number by a line which 
curves and intertwines. <Appendix 6) The children were told to 
visually trace as quickly and accurately as they could from 
letter to number. 
For the Groffman Visual Tracing Test the amount of time 
needed to reach a number was converted to a point score via a 
normed scale. The points were then combined for a total score. 
7 
RESULTS 
Using regression analysis and the Pearson r, <see Table 1) 
it was discovered that of the three eye movement measures, Stern 
Saccadic Fixation Test <Stern>, Pierce Saccade Test <Pierce) and 
Groffman Visual Tracing Test <Groffman), only the Groffman and 
Pierce scores were significantly related to standardized reading 
scores: the Stanford Achievement Test Reading Comprehension 
scores <SATRC>, Word Study scores <SATWS> and Total Reading 
scores <SATTR>. The stern was not reliably related to any of the 
reading scores. 
As hypothesized the Groffman correlated positively with each 
of the standardized reading scores: SATRC <r = 0.246, df = 96, 
p < 0.05>, SATWS <r = 0.292, df = 96, p < 0.01) and SATTR <r = 
0.375, df = 96, p < 0.01). The positive relationship indicates 
that those who show good tracking ability also tend to do well on 
reading tests. 
The Pierce correlated 
standardized reading scores: 
negatively with 
SATRC <r -0.275, 
two of 
df = 96, 
the 
p < 
0.01) and SATTR <r = -0.227, df = 96, p < 0.05>. The negative 
relationship indicates that those who show good saccadic ability 
and therefore low scores on the Pierce, will tend to do well on 
reading comprehension tests. This negative relationship with the 
SATRC and SATTR was expected. However, the statistically non-
significant relationship with the SATWS <r = -0.142, df = 96, 
n.s.) was not expected. 
8 
The hypothesis that the Stern was related to reading scores 
was not supported: SATRC <r = -0.199. df = 96. n.s.), SATWS (r = 
-0.041, df = 96, n.s.) and SATTR <r = -0.1221, df = 96, n.s.). 
According to the regression analysis the Groffman and Pierce 
contributed most in predicting the SAT reading scores. The 
percentage accounted for by all parameters tested was 19.1~ on 
the SATRC, 14.4~ on the SATWS and 20.8~ on the SATTR. 
To predict the SATRC, SATWS or SATTR score of an individual 
the following predictive equations may be used: 
SATRC = 53.3 +X <-3.11> +X <-0.07) +X <-0.16) +X <0.31> 
SATWS 
1 5 
+X <-0.04> +X <-0.19> +X 
8 9 
X <O. 79>. 
12 
10 
6 7 
<-1.07> +X <0.51) + 
11 
= 48.5 +X (0.03) 
1 
+X (0.01) +X (-0.12> + X <0.43> + 
7 
X <-0.16> + 
8 
X <O. 18>. 
12 
5 6 
X <0.21> + X <-1.57> 
9 10 
+ X <0.73> + 
11 
SATTR = 43.8 +X <0.21) +X <-0.02) +X <-0.12> +X <0.45> + 
1 5 6 7 
X <0.10> +X <-0.14> +X <-0.86> +X <0.34> + 
8 9 10 11 
X <O. 44>. 
12 
Where: X = male or female <male = 0, female = 1), 
1 
X = Stern score, 
5 
X = Pierce score, 
6 
X = Groff:man score, 
7 
X = Accommodative Rock score (first 30 seconds>, 
8 
X = Accommodative Rock score <second 30 seconds), 
9 
X = Prism Rock score (first 30 seconds>, 
10 
X = Prism Rock score <second 30 seconds), and 
11 
X = Snellen acuity score <both eyes at 40 em.> 
12 
It should be noted that each predictor score should be 
9 
divided by 10 as the decimal points in the reading scores were 
not accounted for. 
Accommodative Rock scores and Prism Rock scores showed no 
significant correlation or predictive value with the SATRC, SATWS 
or SATTR scores. <See Tables 1 thru 4.) 
10 
Table 1: Intercorrelations Between Gender, Stanford 
Achievement Test Reading scores and Visual Parameters. 
X1 X2 X3 X4 X5 X6 X7 XB X9 X10 X11 X12 
X 1. 000H -e. 094 -0.149 -8.128 0.an -0.2091 -0.153 0.120 0.129 0.2151 0.095 0.129 
1 
X -0.094 1.000H 1.6621 e. 7B7H -e.199 -1.275H 8.2461 -il.il31 -0.070 -il.il64 8.027 -il.819 
2 
X -8.148 8.662 1.800H I.B35H -0.141 -8.142 8.292H -0.028 -il.il34 -0.098 0.013 -i1.021 
3 
X -0.028 0. 787H 0.8351 1.1100H -iJ.122 -i1.227t 0,J75H 0.814 -0.024 -i1.81B 1.034 -0.027 
4 
X 0.007 -il.199 -0.141 -1.122 1.000H 0,451H -1,129 -0.2401 -0.214• -0.2511 -0.2011 8.507H 
5 
X -0.2091 -il.275t -0.142 -0.227 1.451H 1,11111011 -0. 054 -0.227• -1.116 -0.2351 -0.193 0.164 
6 
X -0.153 8.246• 0,292H I,J75H -0.129 -0.054 1.1100tl 8.114 l.i!l82 0.146 1.088 -0.164 
7 
X 8.120 -0.831 -1.028 1.114 -0.2481 -8.227• 8.114 1.il00tl 0.86BH lil.61811 Iii. 5B9H -8.114 
8 
X 8.129 -0.1i170 -0.834 -0.024 -1.204• -0.116 e.ee2 0.Bb0tt 1.000H 0.5761 0.481• -8.079 
9 
X 8.2151 --il.l64 -8.198 -0.018 -0.2511 -0.2351 1.146 f,618H 8.576H 1.000H 8.644• -i1.084 
18 
X 0.095 8.027 lil.813 1.034 -1.2011 -0.193 e.eee 8.50911 0,481H 8,644H 1.000H -0.834 
11 
X 0.129 -0.819 -0.022 -0.027 e.51i17H 0.164 -0.164 0.185 -0.879 -0.084 -0.834 1.000H 
12 
f p < 8.85 
H p ( 111.01 
11 
Table 2: Regression Analysis Source Table for Predicting 
Stanford Achievement Test Reading Comprehension Scores. 
SOURCE DF TYPE I SS F-YALl£ PR > F DF TYPE III SS F-YALt.£ PR > F 
X 267.2'i!14 11.95 11.3329 1 200.9936 8.71 0.4008 
1 
X 1 1196.6507 4.24 0.8424 1 458.9517 1.63 0.2054 
5 
X 1694.6297 6.01 0.0162 1537.8524 5.45 0.0218 
6 
X 1248.3405 4.43 0.1382 1784.8558 6.05 1.0159 
7 
X 1 413.2718 1.47 0.2293 0.9341 0.1iJ0 0.9542 
a 
X 31.1622 11.11 0. 7487 1 21.1695 0.07 0. 7852 
9 
X 339.3747 1.28 11.2756 1 583.5425 1.79 0.1849 
10 
X 176.0374 0.62 0.4316 1 140.4241 0.50 1.4822 
11 
X 427.5578 1.52 11.2215 427.5570 1.52 11.221~ 
12 
Table 3: Regression Analysis Source Table for Predicting 
Stanford Achievement Test Yard Study Scores. 
SOURCE DF TYPE I 55 F-YALUE PR > F DF TYPE III SS F-YALUE PR > F 
X 83.4758 8.24 11.6283 8.0217 8.00 8.9938 
1 
X 60.9115 0.17 8.6792 1 15.2138 8.04 0.8362 
5 
X 849.2694 2.40 8.1249 1 849.9024 2.40 0.1247 
6 
X 2829.9245 8.00 e.eess 3373.1950 9.54 0.1iJ027 
7 
X 218.4066 8.62 11.4341 1 12.0907 0.03 0.8537 
8 
X 8.8470 0.83 0.8747 25.5010 0.07 0.7889 
9 
X 1 793.5257 2.24 8.1378 1081.4a98 3.06 0.0839 
10 
X 1 291.8500 0.83 0.3662 1 279.9739 0.79 0.3761 
11 
X 21.6987 0.06 0.8050 21.6987 0.06 0.8050 
12 
12 
Table 4: Regression Analysis Source Table for Predicting 
Stanford Achievement Test Total Reading Scores. 
SOURCE DF TYPE I SS F-VALUE PR > F DF TYPE III SS F-VALUE PR > F 
X 20.6480 8.09 8. 7695 8.9401 8.00 8.9581 
1 
X 389.6475 1.63 8.2849 1 lf/. nu 8.12 8.7249 
5 
X 1182.2161 4.61 8.1345 1 933.4111 3.91 8.0512 
6 
X 3326.2691 13.93 0.111003 3725.3804 15.68 8.82 
7 
X 1 124.9371 0.52 8.4715 1 4.54411 8.82 8.8986 
8 
X 21.1337 1.09 0.7668 1 12.01n 0.05 0.8230 
9 
X 1 251.9863 1.05 0.3072 325.0518 1.36 8.2466 
11 
X 1 74.4328 8.31 0.5781 61.4497 0.26 8.6133 
11 
X 131.2564 0.55 8.4605 1 131.2564 8.55 8.4605 
12 
13 
DISCUSSION 
A positive correlation was ~ound between the Gro~~man Visual 
Tracing Test and the Stan~ord Achievement Test Reading 
Comprehension, Word Study and Total Reading sections. This 
emphasizes that good eye tracking ability plays an important role 
in reading. 
The Pierce Saccade Test showed a negative correlation with 
the Reading Comprehension and Total Reading sections. This 
indicates that those who show good saccadic ability will also 
tend to do well on reading comprehension tests. 
The Stern Saccadic Fixation Test was developed to most 
accurately simulate the reading process and previous studies have 
shown a strong relationship between the Stern and reading scores. 
There~ore we expected the Stern to show a positive correlation 
with the Stan~ord Achievement Test reading scores. However, a 
signi~icant correlation was not ~ound, which may indicate that 
e~~icient ~ine saccadic eye movements may not be a good predictor 
o~ reading achievement at the ~ourth grade level. 
other parameters studied showed no signi~icant correlation 
with any of the reading scores. It appears that accommodative 
~acility and ~usional ability have no predictive value with 
respect to reading achievement as long as the student is able to 
keep the target clear and single. 
Although statistical significance was determined ~or eye 
movement ability, strong predictive value was not found. Further 
14 
investigation may be used to examine the predictive values of 
other factors with respect to reading scores. Other factors 
which may be studied are intelligence, accommodative-convergence 
and visual perception. Differences in variance may then be 
compared to determine the actual contribution made by eye move-
ment ability. 
15 
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